INTRODUCTION
2-picoline is a derivative of pyridine. 2-picoline is considered to be a hazardous chemical. Various industrial units manufacturing pyridine and its derivatives, pharmaceutical units, etc. discharge 2-picoline-bearing wastewaters 14 . Various physicchemical and biological treatment techniques are suggested for the treatment of 2-picoline-bearing wastewaters.Adsorptionis relatively useful and economical for removal of pyridine derivative [15] [16] [17] .
In this study, kaolin obtained from a local mine in IRAN (Yazd), was modified by tetra ethylamoniumiodide (TEAI). The 2-picoline (PC) and 3-Amino-2-picoline (APC) as models of pollutant adsorption properties were tested.
EXPERIMENTAL

Materials and methods
All the reagents used in the experiments were in analytical grade and were used without further purification. All the experiments were conducted at room temperature. The raw kaolin was obtained from local mine of Iran (tavansil. Co). Kaolin particle size fractions was180-200 µm and it was crushed and dried at 150 °C in an oven for 5h prior to use.
The 2-picoline (PC), 3-Amino-2-picoline (APC) and tetra ethylamoniumiodide (TEAI) were purchased from Merck. The standard solutions of 1000 mg L -1 of PC and APC were prepared as stock solutions and subsequently whenever necessary, diluted.
The preparation process was carried out by dispersing of l0 g kaolin to a 100 mL of TEAI 1 mol L -1 . The mixture was shacked for 3h at room temperature. The kaolin loaded with TEAI was filtered, washed repeatedly with copious amounts of distilled water, then dried in air andamend kaolin/ TEAI (KT), stored for subsequent studies.
Adsorption studies were carried out in glass vessels with agitation provided by a shaker. The temperature was controlled at 25 °C by air bath. The suspensions containing 0.1 g sorbent and varying amounts of PC and APC were shaken on an orbital shaker at 150 rpm. For adsorption experiments, 50 mL PC and APC solution (7.5 mg L -1 ) and 0.1 g of KTsorbent were used. The effect of pH was studied by adjusting the pH of the solutions in the range of 2-12 with 0.1 N NaOH or HCl solutions. Samples for the kinetic study were taken at different time intervals. To evaluate the adsorption thermodynamic parameters, the effect of temperature on adsorption were carried out at 20-60 º C. The amount of PC and APC adsorbed by sorbent was calculated by the following mass balance relationship:
Where, C 0 and C e are the initial and equilibrium solution concentrations of PC and APC (mg L -1 ).
Characterization method
IR measurements were performed by FT-IR tensor-27 of Burker Co., using the KBr pellet. UVVis spectrophotometer 160 A Shimadzu was used for determination of concentration of pyridine compounds contaminant. All pH measurements were carried out with an ISTEK-720P pH meter. The specific BET surface area was measured at 77K by (Quanta chrome, Autosorb-1). The elemental analysis performed by an elemental Costech-ECS-4010 apparatus. The powder X-ray diffraction studies were made on Philips PW3719 X-ray diffractometer by using Cu-K  radiation of wave length 1.54060 Å.
RESULTS AND DISCUSSION
Characterization of KT sorbent
The FIIR Spectrum is generally used to identify some of the characteristic functional groups capable of absorbing organic. For comparison the FTIR spectra of kaolin and Kt samples are included. In order to obtain complementary evidence for the intercalation of quaternary alkyl ammoniumcations into the silicate lattice, FTIR spectra were recorded in the region 400-4000 cm The absorption band at 3600-3700 cm -1 is due to stretching vibrations of structural OH groups. The band at 1119 and 797 cm -1 are assignedto Si asymmetrical stretching. A pair of strong bands 2900and 3004 cm -1 were observed only on the KT; they can be assigned to the symmetric and asymmetric stretching vibrations of methylen group  CH2 [4] . This band is not observed in kaolin.
The elemental analyses ofkaolin and KT are presented in Table 1 . The content of C, H and N in KT was increased by the modification of TEAI on the kaolin. In particular, the presence of carbon and nitrogen in the KT confirmthe presence of TEAI onto kaolin.
The XRD patterns of the kaolin and KT are shown in Fig. 2 . XRD patterns indicated the presence of free quartz in kaolin. The kaolin and KT diffraction pattern show intense peak at 2  angle of 26.6° assigned to quartz (Si 3 O 6 ). The XRD patterns of KT shows reflections characteristic for both kaolin and KT, but at lower intensity which clearly indicates the presence of TEAI, which has not been removed by washing. It is important the main phase of kaolin (quartz) has not any change after loading with TEAI. Results of XRF analysis are shown in Table 2 .
BET results of K and KT are shown in Table 3 . The specific surface area of K and KT was 7.78 and 9.58 m 2 g -1 respectively. The surface area of kaolin increaseswith modification. The increase of the specific surface area indicated the innersurfaces and regions of the sorbentmay becomemore accessiblefor PC and APC. The increasing of surface area, is increased the sorption amount and increase the removal efficiency of PC and APC 12 .
Effect of contact time
The effect of contact time on removal of PC and APA onto kaolin and KT is shown in Fig.  3 .The adsorption of PC and APA occurred very quickly from the beginning of the experiments. This may be indicative of chemical adsorption. Maximum adsorption of PC and APC onto KT was observed at 60 min(70%); it can be said that beyond this there is almost no further increase in the adsorption and it is thus fixed as the equilibrium time. For adsorption onto kaolin maximum adsorption of PC and APC was attained at 80 min (35%). As can be seen from the figures, when the equilibrium time increased, the amount of adsorption was not dramatically increased.
Effect of pH
The pH is the most important factor affecting the adsorption process. To study the influence of pH on the adsorption of kaolin and KT, experiments were performed using various initial pHs varying from 2-12. The uptake of PC and APC increased with increasing pH from 2-6. (see Fig. 4 ). It was observed that the adsorption is highly dependent on the pH of the solution, which affects the surface charge of the adsorbent and degree of ionization and speciation of the adsorbate. The high adsorption capacity is due to the strong electrostatic interaction between the PC and APC and sorbents. This could be explained by the fact that at low pH, more protons will be available to protonate the amine and NH groups of PC and APC, reducing the number of binding sitesfor Adsorption; therefore the adsorption of PC and APC is governed by electrostatic interaction 18 .
Effect of initial concentration of PC and APC and amount of sorbent
The effect of initial concentration of PC and APC is shown in Fig. 5a . It is found that the PC and APC sorption increases with an increase in concentration to 8× 10 -4 M. It is attributed to the increase in the mass transfer driving force on account of an increase in C 0 [19] . Fig. 5b . Show the results of effect of sorbent dose on the sorption process. The experiments carried out using 30 mL of PC and APC. Removal efficiency increased up to 70%at 0.1 g KT and then, remained constant regardless of increasing in the adsorbent dose. Positive correlation between adsorbent dose and removal efficiency of PC and APC is related to increasing surface area of available exchangeable sites 8, 20 . At KT composite more than 0.1g, the incremental PC and APC removal is very small, because particle-particle interaction such as aggregation at higher mass of sorbent leads to a decrease in the availability of total surface area of the sorbent.
In order to predict adsorption kinetic models of PC and APCsolutions, pseudo-first order and pseudo-second-order kinetic models were applied to the data. The rates of PC and APC sorption were determined by testing pseudo-first order and pseudo-second-order kinetic models.
The pseudo-first order model assumes that the rate of change of solute uptake with time is directly proportional to difference in saturation concentration and amount of solid uptake with time 21 .
lnq t = k 1 t -ln q e ... (1) Where q e and q t are the amounts of PC and APC adsorbed per unite mass of the adsorbent (mg g -1 ) at equilibrium and time t, respectively and k 1 is the rate constant of adsorption (min -1 ). When lnq t was plotted against time, a straight line should be obtained with a slope of k 1 , if the first order kinetics is valid. t/ q t = t/q e + 1/(k 2 q e 2 ) ... (2) Where q e and q t represent the amount of PC and APCadsorbed (mg g -1 ) at equilibrium and at any time. k 2 in the rate constant of the pseudosecond order equation (g mg -1 min -1 ). A plot of t/q versus time (t) would yield a line with a slope of 1/ q e and an intercept of 1/ (k 2 q e 2 ), if the second order model is a suitable expression. The kinetic model with a higher correlation coefficient r 2 was selected as the most suitable one.
It was found that application of pseudofirst order kinetics provides better correlation coefficient of experimental data than the pseudosecond order model for adsorption of PC and APC onto KT composite. The good correlation coefficients were obtained by fitting the experimental data to Eq (1), indicating that the adsorption process of PC and APC onto KTis pseudo-first order. The rate constant of PC and APC are 2.04 × 10 -2 and 2.09 × 10 -2 , respectively.
Thermodynamic studies
The thermodynamic parameters such as change in standard free energy (G°), enthalpy (H°) and entropy (S°), were determined by using the following equations and are given in Table 4 .
Where, K C is the equilibrium constant, C Ais the amount of PC and APC (mg) adsorbed on the adsorbent per dm 3 of solution at equilibrium, and C S is the equilibrium concentration (mg dm -3 ) of PC and APC in the solution. T is the solution temperature (K) and R is the gas constant. H° and S° were Table 4 . The results are shown, when the temperature increased from 25 to 70 °C, G 0 is decreased. It is indicating the adsorption was spontaneous and favorable at high temperatures.
The positive values of the standard enthalpy change (H°), which are 4.06 and 5.02 for PC and APC; indicate that the interaction of PC and APC molecules with clay is endothermic in nature. In addition, the standard enthalpy change is lower than 40 KJ mol -1 , indicates that the adsorption is involving weak forces of attraction 13 .
Adsorption isotherm studies
Adsorption capacity and adsorption behavior of PC and APC on KT can be illustrated by adsorption isotherm. Data from the adsorption isotherms were modeled using the Langmuir and Freundlich isotherm models with the resulting isotherm constants presented in Table 5 .
The Langmuir isotherm theory is based on the assumption of adsorption on a homogenous surface. The Langmuir equation can be written in the following form:
... (6) The linearized form of Langmuir can be written as follows (Fig. 7) :
... (7) Where q e is the solid phase equilibrium concentration (mg g -1 ); C e is the liquid equilibrium concentration of PC and APC in solution (mg L 
.(8)
Where K F is roughly an indicator of the adsorption capacity and n is the heterogeneity factor which has a lower value for more heterogeneous surfaces.
In most references, Freundlich adsorption Equation (8) may also be expressed as Equation (9) (see Fig. 8 ):
lnq e = ln K F + 1/n ln C e ... (9) All the correlation coefficient, R 2 value and the constants obtained for the models from Table 5 show that the Freundlich isotherm was suitable equation to describe the adsorption equilibrium of PC and APC onto KT.
CONCLUSION
The surface of raw kaolin is not more effective adsorbent for the removal of organic compounds from aqueous solution. However, kaolin may be modified with organic cations (TEAI) in a manner that significantly improves its capability of removing contaminants from water. The adsorption of PC and APC from aqueous solution using organo-kaolin was investigated. The results ofpresent investigation indicate thekaolin modified by TEAI has suitable adsorption capacity for removal of PC ad APC from aqueous solution. Kinetic data of adsorption were fitted by the pseudo-first-order kinetic model. Thermodynamic constants were also evaluated using equilibrium constants changing with temperature. The negative value of "G 0 indicated spontaneity and the positive values of "H 0 showed the endothermic natureofadsorption, respectively. The Freundlich adsorption isotherm was found to have the best fit to the experimental data.
